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Abstract

Product quality and shelf-life effect of sodium lactate (SL) in combined with chitosans with various molecular weights
(MW) in low-fat sausages (LFSs) stored at 10°C were evaluated. LFSs with SL and chitosans had 75-76% moisture, 1-2%
fat, and 15.8-17.1% protein with a pH range of 6.3-6.6. Water holding capacity was decreased, but most textural properties
were increased with the addition of chitosan with MW of 30-40 kDa. Hunter a (redness) values were al so increased with the
addition of sodium lactate and chitosans in combination with laccaic acid at the level of 0.05%, resulting in similar Hunter
avalue of 150 ppm of sodium nitrite. The combination of SL and chitosans slightly extended the shelf-life of LFSs approx-
imately 3-6 days at 10°C, resulting in inhibition the growth of L. monocytogenes and E. coli O157:H7, as compared to the
control. However, the inhibition of microbial growth at 10°C was not as strong as that at 4°C. Thus, the storage temperature
should be as low (<4°C) as possible to have a maximum antimicrobial activity in LFS containing SL and various chitosans.
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I ntroduction

Emulsified-sausages manufactured in Korea may con-
tain up to 30-35% fat, an important ingredient for the pro-
duction of desirable flavor and texture in processed meats
(Chin et al., 2006). Additionally, fat plays an important
role in the contribution of textural properties, rich flavor,
and sensory characteristics in comminuted sausages
(Matulis et al., 1995a; Matulis et al. 1995b). However,
excess fat consumption in the diet has been associated
with increases in the incidence of coronary heart disease,
obesity, and other related diseases (AHA, 1978). Thus,
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consumer’s food selections have recently focused on low-
fat and low-salt types of foods. As a result, the demand
for low-fat, and low-salt meat products has been increas-
ed to meet the consumer’s need.

However, low-fat meat products (LFMP) have prob-
lems related to low-flavor and textural characteristics, and
variations in products (Keeton, 1994). They also had
shorter shelf-life than regular-fat counterparts due to the
high moisture content. To improve the product quality of
low-fat sausages (LFSs), several studies have been per-
formed. The combination of sodium lactate (SL) and afat
replacer improved the quality of products and extend
shelf-life of very low-fat bologna (Chin and Choi, 2001).
The triple addition of konjac flour, carrageenan, and soy
protein isolate at the ratio of 1:1:3 improved functional
and textura properties that imitated those of regular-fat
sausages, as compared to single or double additions (Choi
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and Chin, 2002). LFS (< 2% fat) containing at least 3.3%
SL solution (60%) and afat replacer had a greater antilis-
terial effect than the low-fat control (Murano et al., 1995;
Bloukas et al., 1997; Lin and Lin, 2002; Choi et al.,
2003).

Since meat products contained chemical curing agents
and preservatives, such as potassium sorbate and sodium
nitrite, some consumers tended to avoid the consumption
of meat products. Thus, natural ingredients could be
replaced with these chemical ingredients to meet the con-
sumer demands (Choi and Chin, 2003).

Chitosan is a polysaccharide found in the shells of
crabs and shrimp. Since it has antimicrobial, antioxidant,
and antitumor activity, it has been widely used in the food
industry. Chitosan with molecular weight (MW) of 120
kDa has been studied to extend shelf-life in emulsified-
sausage by increased antimicrobia activity and reduced
the level of sodium nitrite as a curing agent (Park et al.,
1999). Youn et al. (2000) suggested that 120 kDa chito-
san (0.2%) inhibited over 80% growth against the patho-
gens tested, and antibacterial activity in emulsified-
sausage increased with MW. Lin and Chao (2001)
reported that the addition of chitosan with MW ranging
from 150 to 1,250 kDa did not adversely affect the tex-
tural and sensory traits of reduced-fat Chinese-style sau-
sage. Jo et al. (2001a) reported that the addition of
chitosan oligomer (MW=1,000Da and 5,000Da) on
emulsion-type sausage did not inhibit the growth of
pathogens. Roller et al. (2002) found a preservative sys
tem for fresh pork sausages based on the combination of
chitosan, carnocin, and a low-concentration of sulphite.
The combination of chitosan and sulphite was acceptable
for alonger period than other batches. Kook et al. (2003)
reported that the combination of SL (2%) and various lev-
els of chitosan in water-boiled LFSs inhibited the micro-
bia growth of Listeria monocytogenes during refrigerated
storage, and 0.5% lac pigment (laccaic acid) which is
obtained from the secretion of an Indian insect (Coccus
laccae), and has been used to improve the color of cured
mesat products when sodium nitrite has been replaced, was
used to replace sodium nitrite at 75 to 150 ppm. Thus, the
objective of this study was to determine the product qual-
ity and antimicrobial activity of SL in combined with var-
ious MW of chitosansin LFSs stored a 10°C.

Materials and Methods

L ow-fat sausage manufacture
This procedure of low-fat sausage manufacture was fol-

lowed by our previous report (Chin and Choi, 2005).
Fresh pork hams and pork backfats were purchased from
aloca meat market. The formulation of non-meat ingre-
dients, and processing procedures of regular-fat control
(RFC) and low-fat sausages (LFS) were performed ac-
cording to previous procedures reported by Chin et al.
(2004), and Chin and Choi (2005). After the manufacture
of the LFSs, physicochemica and textura properties, and
microbial changes of inoculated pathogens were mea
sured during storage at 10°C.

Inoculation of pathogens in the sausages

The inoculation of two pathogens in the sausages was
according to the previous report by Choi et al. (2003).
Listeria monocytogenes strain (LM, ATCC, 43256), Sal-
monella typhimurium LT2 strain (ATCC 19585), and E
coli 0157:H7 were cultured on tryptic soy agar (TSA) and
incubated at 37°C for 48 hr. The TSA-grown colonies
were harvested in 5 mL of tryptic soy broth and incubated
in a shaking water bath at 37°C for about 19 hr. After the
cellulose casings were peeled off, the fully grown bacte-
rial suspension (approximately 10° CFU/mL) was diluted
with sterilized double-distilled (dd)-water to a fina con-
centration of 10° CFU/mL. One mL of bacterial suspen-
sion was surface inoculated and mixed with each 25 g of
sausage samples. Sausages were then vacuum-packaged
(TAEVAC 600MX, Yoiwang-city, Kyungki-do, Korea)
using cryovac-extruded film (7325B, Sedled Air Korea
Inc, Seoul, Korea) at —20 mmHg and stored at 10°C until
analyzed at 0, 1, 2, 4, 6, and 8 wks of storage.

Proximate analysis and pH

Moisture, fat, and protein contents (%) of low-fat sau-
sages were determined using the AOAC (1995) procedure.
The pH was measured using digital pH meter (Model
340, Mettler-Toledo, Schwarzenbach, Switzerland).

Expressible moisture (%)

Water-holding capacity (WHC) was determined if the
added ingredients affected the protein-moisture binding
capacity and measured by a modified procedure of the
centrifugal separator method (Jauregui et al., 1981).
Approximately 1.5 g of sausage samples was wrapped
with three pieces of filter paper (Whatmann, No 3) and
centrifuged at 1,000 x g for 20 min. Expressible mois-
ture (EM, % was calculated as the weight difference
between the total sample and filter paper weight con-
taining the moisture released from the sample during
centrifugation.
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Hunter color values (L, a, b)

The added ingredients, such as sodium lactate, chito-
sans and laccaic acid, may affect the color values of low-
sat sausages. Thus, Hunter L, a, and b values were mea-
sured at three different locations of sausage core and sur-
face using a Color Reader (CR-10, Minolta Co., Ltd.,
Japan). Data presented are means of three measurements
of each sausage sample and expressed as Hunter L
(brightness), a (redness) and b (yellowness) values.

Texture profile analysis

The textural measurements were performed according
to the modified method of Bourne (1978). The sausage
samples cut into cylinder form (1.3 cm thick, 1 cm diam-
eter) and measured with a texture meter (TA-XT2, Stable
micro system, Hasemers, England), which was set to com-
press 75% of sample weight through a two-cycle com-
pression. The sausage samples laid on aflat plate equipp-
ed with a 5-kg load cell were measured a a rate of 120
mm/min and the following textural properties were deter-
mined: fracturability (g), hardness (g), springiness (cm),
chewiness, gumminess, and cohesiveness.

Satistical analysis

Data were andyzed by two-way analysis of variance
(ANOVA) using the general linear models procedure of
SAS (1989). A 3 (MWs of chitosans) multiplying by 6
(storage times) factoria arrangement with three replicates
was performed. The interaction between SL in combined
with various MW of chitosans and storage time was also
tested. If interactions between main effects were signifi-
cant (p<0.05), data were separated by SL and chitosan
combinations and storage time. If interactions were not
observed between the two factors, Duncan's multiple
range tests were performed to analyze the differences of
parameters among the treatments.

Results and Discussion

Since no interactions were observed between the com-
bination of sodium lactate (SL) and various MWs of chi-
tosan, and storage time (p>0.05), data were pooled by
treatment or storage time.

Proximate composition, pH, and expressible mois-

ture (%)

Moisture, fat and protein contents (%) of LFSs contain-
ing SL and various MW of chitosans stored at 10°C are
shown in Table 1. Moisture, fat, and protein contents (%)
were 74.6 to 76.0, 1 to 2, and 15.8 to 17.1%, respectively.
As previoudly reported (Chin and Choi, 2005), proximate
composition was not affected by the SL and chitosan
combinations, either (Table 1). pH of al of the sausages
was around pH 6.3-6.5 and was also unaffected by the SL
and chitosan combinations. These pH ranges were similar
to those of previous studies of chitosan applications in
meat products (Lin and Choa, 2001; Jo et al., 2001b;
Sagoo et al., 2002). Since chitosans used in this study
were water soluble, no acid solvent was required to dis-
solve them. Lin and Choa (2001) reported that chitosans
of varied MW were dissolved in 1% lactic acid, resulting
in the lower pH, as compared to the other studies. They
suggested that the lower water retaining index (WRI) val-
ues were observed in the sausages containing chitosans
due to the shift to lower pH. The addition of SL and
medium MW of chitosan tended to increase expressible
moisture. The changes of expressible moisture with the
addition of chitosan were not fully understood, however
these results were agreed with the previous reports (K ook
et al., 2003; Chin and Wang, 2004). Future study will be
performed how the medium MW(30-40 kDa) of chitosan
affect the water holding capacity of LFSs. Compared to
our previous study(Chin and Choi, 2005), pH and proxi-

Table 1. Proximate composition, pH and expressible moisture of low-fat functional sausages

Proximate analysis (%)

Treatments _ _ pH EM?
Moisture Fat Protein
Nitrite (O ppm) 75.9+3.25 1.21+0.37 16.8+1.35 6.36+0.18 31.0£2.61%
Nitrite (150 ppm) 76.0+£3.25 1.55+0.63 15.8+0.75 6.40+0.16 26.3£3.20°
Sodium lactate (SL) 74.6£3.18 1.18+0.36 16.9+1.17 6.43+0.15 25.8+1.06"
SLY + Chitosan (L)? +LAY 75.1£2.19 1.93+0.11 17.1+1.23 6.42+0.21 25.620.42°
SL + Chitosan (M) + LA 75.3+1.91 1.61+0.04 17.120.97 6.34+0.21 35.9+4.92%
SL + Chitosan (H) + LA 75.8+1.70 1.560.18 17.0¢1.31 6.34+0.20 31.4£3.10%

D 81, sodium lactate.

2 Chitosan: L, low molecular weight (1.5 kDa); M, Medium (20-30 kDa); H,High (~300 kDa).

3 LA, laccaic acid.
4 EM, Expressible moisture (%).
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Fig. 1. Hunter color values of low-fat functional sausages manufactured with sodium lactate and various molecular weights of
chitosans. L, lightness; g, redness; b, yellowness. SL, sodium lactate; Low, low molecular weight of chitosan (Low=1.5 kDa);
Med, medium molecular weight of chitosan (Medium=30-40 kDa); High, high molecular weight of chitosan (High=200 kDa).
b\ ean with same row having same superscript are not different (p>0.05) .

mate composition were not affected by the storage tem-
peratures (4 vs 10°C).

Hunter color values

Hunter L, a, and b values of LFSs with the addition of
SL and various MW of chitosans are shownin Fig. 1. The
addition of 0.05% Lac pigment (laccaic acid) reduced the
Hunter L, but increased the Hunter a values, which result-
ed in increased redness values smilar to those of 150
ppm of sodium nitrite in LFS. These results were sup-
ported by the previous studies (Jo et al., 2001a) which
determined that LFSs containing chitosan with low or
medium MWs had lower L values than the control. Thus,
lac pigment may significantly affect the Hunter L and a
values. Hunter b values (yellowness) of LFSs containing
SL and various MW of chitosans were similar to those of
150 ppm of sodium nitrite. In our previous report, the
addition of chitosan did not improve the development of
cured mest color and these results were not in agreement
with the results of Park et al. (1999), who reported that
chitosan stabilized the color and improved the redness
values in emulsified-sausage during storage. These results
were aso supported by the previous study of Lin and
Choa (2001), who reported that Chinese-style sausages
containing chitosans had lower redness values than those
of contral. Thus, we have used 0.05% natura Lac pigment
to replace 150 ppm of sodium nitrite in LFSs. In other
studies, cured meat color was found using by irradiation
with a dose of 5 kGy, which was effective as the use of

200 ppm of sodium nitrite to maintain a desirable color of
the ham product for 30 days (Jo et al., 2001b; Byun, et
al., 1999). Since the use of sodium nitrite in meat prod-
ucts appears to have antimicrobial effects, and cured meat
coloring has been dtill argued by a Korean consumer
association, new natural curing agents with similar color-
ing properties of sodium nitrite should be found.

Texture profile analysis (TPA)

Texture properties of LFSs as affected by the addition
of SL and various MW of chitosans are shown in Table 2.
LFSs containing medium MW of chitosan were harder,
springier and more cohesive than those with controls and
low MW of chitosans (1.5 kDa) (p<0.05). Lin and Choa
(2001) reported that sausage springiness was lower in
sausages with MW of 1,250 kDa of chitosans than those
with MW of 600 kDa of chitosans. However, no other
textural differences were observed in the sausages, re-
gardless of the MW of chitosans. These results were sup-
ported by the previous study in that water-boiled LFSs
containing medium MW (30-40 kDa) of chitosans were
harder, springier, and chewier than those of low MW
(Kook et al., 2003). Chin and Wang (2004) reported that
most textura characteristics were higher in LFSs contain-
ing 0.3% chitosan (30-50 kDa), as compared to the con-
trol. Based on these results, chitosan with MW medium
range (30-40 kDa) may significantly affect the textural
characterigtics of LFSs. The increased textural characteri-
gtics of LFSswith MW of 30-40 kDamay partialy due to
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Table2. Textural characteristics of low-fat functional sausages as affected by sodium lactate and various molecular weights of

chitosans
pad Nitrite (ppm) SL Chitosan
0 150 2% Low Medium High
Fra 3084+843° 3745+100° 4795+236% 3847+636° 5075+4932 3036+563°
Har 4803+1232% 4544445 3° 5525+106% 4584+210° 6179+538° 4722+582%
Spr 0.25+0.05° 0.24+0.01° 0.30+0.01%® 0.25+0.01° 0.31+0.032 0.25+0.03°
Gum 880+84.2° 779+82.7° 965+12.7° 751+64.3° 1299+135% 949+32.5"
Che 224+65.8° 191+27.6° 288+21.2° 189+26.9° 415+54.0°? 234+41.0°
Coh 0.19+0.02° 0.17+0.01° 0.19+0.00%® 0.17+0.00° 0.27+0.072 0.21+0.02%

b\ ean with same row having same superscript are not different (p>0.05).
Pa’, Parameters; Fra, fracturability (g); Har, hardness (g); Spr, springiness (cm); Gum, gumminess; Che, chewiness; Coh, cohesiveness.

Table3. Microbial counts (log cfu/g) of low-fat functional sausages as affected by sodium lactate and various molecular weights

of chitosans during storagetime

Nitrite (ppm
Parameters (Ppm) SL

Chitosan

Storage time (days)

150 2% Low Med

High 0 3 6 9 12 15

L. monocytogenes 5.98 6.04 511 5.70 5.28
E. coli O157:H7 554° 563 442* 535

5.00%

551 301" 374 548 670° 714" 7.86°
515 3619 403" 483F 581° 627 6522

& Mean with same row having same superscript are not different (p>0.05)

the lower water-holding capacity, as compared to the oth-
ers (Table 1).

Microbial changes of low-fat sausages as affected
by SL and chitosan combinations and storage time
Table 3 shows the microbia changes for E. coli
0157:H7 and L. monocytogenes of LFSs as affected by
treatment and storage time. Microbia counts of E. coli
0157:H7 reduced with the addition of SL done,
however, SL in combined with various MWs of chitosans

reduced the antilisterial effect in LFSs and only a 1-1.5
log cycle reduction was observed between control and
treated samples (Figs. 2, 3). In this case, the low MW of
chitosan may not inhibit, but accelerate the microbia
growth of L. monocytogenes. Thus, microbia counts of L.
monocytogenes were not significantly affected by the
addition of SL and chitosans at the storage temperature of
10°C. In our previous report, 3.3% SL retarded the

did not significantly inhibit the microbia growth of E. 75 | _e—n

aNO2 150 ppm
coli O157:H7 (Table 3). These results indicated that the —0—NaNO, 0 ppm
combination of SL and various MW of chitosan did not 5 6.5 Igtﬂacﬂc
have a synergistic effect that would inhibit microbial § 13122%
growth, especialy a the storage temperature at 10°C. 555
Sagdic et al. (2002) tested the seven spices for antimicro- E
bial activities and reported that E. coli O157:H7 was S 4.5
inhibited by the use of spice extract in the field of food §
preservation. They also reported that a 1-3 Log cycle 535
reduction of total viable yeast, mold, and lactic acid bac-
terial countsin both skinless and standard sausages which 2.5 o . . . - s 8

had been dipped in 1% chitosan solution were observed
at 7°C of storage. However, no differences in microbial
counts between treated and untreated samples were
observed (p>0.05). Thus, the antimicrobial activity of SL
and chitosan combination might be dependent upon the
storage temperature. Although no statistical differences
were observed, the addition of low MW of chitosan

Storage times (days)

Fig. 2. Changesof bacterial countsfor E. coli 0157 of low-fat
functional sausages made with sodium lactate and
various molecular weights of chitosans during storage
at 10°C. SL, sodium lactate; SL+Lac+LC, chitosan with
low molecular weight (1.5 kDa); SL+Lac+MC, chitosan
with medium molecular weight (30-50 kDa); SL+Lac+
Hc, chitosan with high molecular weight (200 kDa).
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Fig. 3. Changes of bacterial counts for Listeria monocytoge-
nes of low-fat functional sausages made with sodium
lactate and various molecular weights of chitosans
during storage at 10°C. SL, sodium lactate; SL+Lac
+LC, chitosan with low molecular weight (1.5 kDa);
SL+Lac+MC, chitosan with medium molecular weight
(30-50 kDa); SL+Lac+Hc, chitosan with high molecular
weight (200 kDa).

growth of L. monocytogenes at the storage temperature of
4°C (Choi €t al., 2003). Thus, microbial retardation may
be changed due to the different storage temperatures. In
our study, the addition of SL aone reduced the 1-2 log
cycle reduction at 15 days of storage at 10°C. Our results
indicated that the addition of SL and chitosans fill
extended the shelf-life of LFS approximately 3-6 days at
10°C before reaching the maximum acceptable level (10’
cfu/g) (Figs. 2, 3), however it may not be strong enough
to have antimicrobia activity as SL aone does. Sagoo et
al. (2002) reported that treatments with chitosans
increased the shdlf-life of LFSs from 7 to 15 days a a
chilled temperature. Based on our results, the storage tem-
perature would be critical for the extension of shelf-life of
LFSs and should be as low as possible to have a maxi-
mum antimicrobial activity, thus, most mesophilic bacte-
ria would not grow well at such a low temperature (Chin
and Choi, 2005).
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